The comprehensive assessment method includes 80 innovation performance parameters and 10 key indicators of innovation capability, such as innovation process performance, innovating system performance, market and customer orientation, technology orientation, creativity, leadership, communication and knowledge management, risk and cost management, innovative climate, and innovation competences. The cross-industry study identifies parameters critical for innovation success and reveals different innovation performance patterns in companies.
Introduction
The Advanced Innovation Design Approach (AIDA) has been conceptualised as a holistic methodology for enhancing the innovative and competitive capability of industrial companies in the cross-industry research project "Innovation Process 4.0" in Germany from 2015 to 2017 (Livotov, 2016) . Its further development for application in the field of process engineering has been continued in the context of the EU research project "Intensified by Design -Platform for the intensification of processes involving solids handling" within the international consortium of 22 universities, research institutes and industrial companies under the H2020 SPIRE programme (Casner and Livotov, 2017) . AIDA can now be considered as a new mindset with an individually adaptable range of the strongest innovation design techniques. These include comprehensive front-end innovation process, advanced innovation methods, best tools and methods of the theory of inventive problem solving TRIZ (Altshuller, 1984; VDI, 2016) , systematic approaches to design (Pahl and Beitz, 1996) , organisational measures for accelerating innovation, and IT-solutions for Computer-Aided Innovation, among other innovation design methods, elaborated over the last decade in the industry and academia (de Bont et al., 2013; Celi, 2014) . As a holistic and systemic approach AIDA supports innovative design process, combining a new product development with optimisation or disruption of the user's working process. The innovation process with self-configuration, self-optimization, self-diagnostics and intelligent information processing and communication, is understood as a holistic system comprising the following typical phases with feedback loops and simultaneous auxiliary or follow-up processes: the uncovering of solution-neutral customer needs, technology and market trends, the identification of the needs and problems with high market potential and formulation of innovation tasks and strategies, systematic idea generation and problem solving, the evaluation and enhancement of solution ideas, the creation of innovation concepts based on solution ideas, the evaluation of these innovation concepts as well as implementation, validation and the market launch of chosen innovation concepts. AIDA postulates the principle of completeness in all major process phases, such as innovation strategy formulation, problem analysis and definition, comprehensive idea generation, problem solving and new concept development. AIDA implementation in companies helps to improve their innovation processes, enhancing their competitive capability and contributing generally to an innovation-friendly climate. The competitive capability of companies is understood as their long-term sustainable ability to maintain the competitive advantages, through both incremental and radical product, process, service or business model innovations with repeatable market success. However, industrial companies have different needs regarding the optimization of their innovation ability, which may depend on companies' industrial or business sectors, business models, business trends including the financial results, company size and structure, complexity of products, innovation outcomes (product, process, service) and other factors. Thus, an attempt to systematically identify, structure, and evaluate these needs was undertaken, and specific opportunities for further enhancement of innovation and thus of the competitive capabilities of industrial companies were revealed in the presented research study. As a result of these efforts, a method for the comprehensive assessment of the competitive capability of industrial companies, based on evaluation of 80 innovation performance parameters and 10 key indicators has been developed by the interdisciplinary AIDA research consortium and added to the AIDA toolbox. This work considers a literature review about the critical role of the innovation capability (Noordin and Mohtar, 2013) and is based on the thorough analysis of innovation process management in the industry, and especially in the small and medium enterprises given in (Livotov, 2016) . It builds on results of the following research studies and works, mentioned in chronological order: the set of metrics needed for assessing a company's innovativeness, combining three views on innovation -resource, capability, and leadership (Müller et al., 2005) , success factors and guidelines in the early stages of the innovation process (Kohn and Wischmann, 2006) , the synthesis of successful innovation process models linked to innovation capability factors such as competencies, knowledge exploitation, and organisational support (Du Preez et al., 2006) , the controlling model for analysis and optimisation of the company's innovation system (Bürgin, 2007) , the definition and empirical study of 28 critical success factors of SME's innovation capability (Kirner et al., 2007) , nine general key success factors in new product development (Cooper and Kleinschmidt, 2007) , 20 efficiency metrics for innovation and new product development process in industrial companies (Livotov, 2010) , innovation indicators proposal for four application areas within the MINT -Measuring Innovation in Teams framework (Nilsson et al., 2010) , seven categories with 40 items, characterizing the relationship between innovation capability and performance (Saunila et al., 2014) , the principles of holistic enterprise innovation performance measurement system (Dewangan and Godse, 2014) , and a definition of innovation metrics, indicators and empowering factors in an industrial case study (Benaim et al., 2015) .
Research method
Systematic mapping of the innovation processes within the research consortium of 10 German industrial companies was done over a period of 12 months. This was achieved in a series of workshops and interviews with CEOs, R&D leaders and engineers, and by literature analysis in the field of research. The industrial research partners were companies of different sizes and industrial sectors: automation and control systems, automotive engineering, automotive OEM, furniture technology, material application systems, power tools manufacturer, power-train technology, sealing technology, surface technology, and vacuum technology. Half of the partners were medium-sized enterprises. The comprehensive processing of information allowed for the identification of more than 100 separate problems, tasks, needs or factors for achieving successful innovation, which are subsequently summarised by the 80 innovation performance parameters (IPP). As illustrated in Table 1 The innovation performance parameters with higher importance and lower satisfaction have reasonably higher ranking values pi , and thus higher need for action in terms of enhancing innovation and competitive capability. In the formula (1) the ranking pi of each IPP is calculated as a maximal contribution of the IPP to the growth of current total innovation system performance VS , or of the total innovation process performance VP in accordance to the universal approach for the importancesatisfaction analysis, presented in (Livotov, 2008) :
where: pi -ranking of the IPP, % V -total innovating system performance VS or innovation process performance VP, % Wi -mean importance of IPP, 0…100% Zi -mean satisfaction with current IPP performance, 0…100% n -total number of IPP (here n=50 for innovating system or n=30 for innovation process) a -adjustment coefficient, a = 1 in case of the equal weighting of importance Wi and satisfaction Zi Moreover, each IPP can be assigned to one of the following 8 innovation indicators: Market and customer orientation, Technology orientation, Creativity, Leadership, Communication and knowledge management, Risk and cost management, Innovative climate, and Innovation competences, as presented in Table 2 and the Appendix. The value of the innovation indicators I1 to I8 is defined as a mean satisfaction value of the assigned IPPs. For example, the value of the innovation indicator 1. Market and customer orientation is calculated with the formula (2) in accordance to its definition in the Table 2 and with the satisfaction values Zi of the assigned IPPs presented in Table 3:   1  26  27  28  42  49  50  53  54 55 ⁄
where: Zi -mean satisfaction with performance of the IPPs No. 26, 27, 28, 29, 42, 49, 50, 53, 54, 55 , in % k -amount of IPPs assigned to the innovation indicator; here k = 10 30, 31, 32, 33, 41, 57, 60, 62, 64, 69, 70, 72, 74 6 Risk and cost management 63, 65, 66, 67, 68, 71, 73, 75, 76, 77, 78, 79 7 Innovative climate 7, 8, 9, 10, 12, 13, 14, 16 8 Innovation competences 5, 6, 17, 18, 19, 20, 21, 22, 35, 36 Additionally, for each innovation performance parameter a segment analysis of the importance and satisfaction opinions from staff members in the companies can be performed in accordance with following procedure, described in (Livotov, 2008) :
 segment 1: percentage of opinions with high importance (≥75%) and high satisfaction (≥75%),  segment 2: percentage of opinions with high importance (≥75%) and low satisfaction (≤50%),  segment 3: percentage of opinions with low importance (≤50%) and high satisfaction (≥75%),  segment 4: percentage of opinions with low importance (≤50%) and low satisfaction (≤50%).
It is a simple and transparent evaluation mechanism, which complements the actual evaluation based on mean values of importance Wi and satisfaction Zi. It enables the identification of groups of staff members (group size, department) with similar priorities in the innovation process, and to anticipate potential conflicts of interest. For example, the IPPs in segment 1 are well-served and don't require urgent improvement efforts. The IPPs in segment 3 are currently over-served, and in segment 4 they are irrelevant, i.e. without significant need for action. The IPPs in the critical segment 2 are characterised by high importance and low performance, and therefore should be put into the focus of improvement actions. In addition to the statistically estimated ranking pi, the highest size values Si of the segment 2 help to pick critical IPPs directly, as shown in Table 4 and Table 5 .
Discussion of results
Analysis of the in-depth interviews and workshops with 10 consortium partners and the outcomes of the cross-industry survey with 168 participants from 19 companies in 2016-17 allow us to assume that the competitive capability and innovation success of the companies depend up to 65% on organisational factors (50 IPPs in category InnoSystem) and up to 35% on technological or methodological competences (30 IPP in category InnoProcess). Table 4 and Table 5 illustrate the results of the importance-satisfaction analysis for the corresponding innovating system and innovation process. They show the mean values for the top 5 innovation performance factors for the InnoSystem and InnoProcess categories respectively. These 10 IPPs from a total of 80 can be considered critical for enhancement of competitive and innovation capability, on average, across all companies. The individual analysis of companies shows that each company has its specific priorities and set of innovation performance parameters critical for the improvement of innovation capability. The mean values of the total innovating system performance VS and total innovation process performance VP amounts to VS = 62,8% and VP =58,8% correspondingly. No assessed industrial company could reach a maturity level of 75% (lower bound of high performance) for both metrics. A moderate statistically significant positive correlation with Pearson r=0,62 (p<0,01) between both performance values VS and VP was observed for 19 companies.
The average values of the innovation indicators across the participants of the study are presented in Table 6 . Also, no industrial company can reach a maturity level of 75% for any metric. For the entire data (n=168), a strong positive correlation can be observed between the Leadership and the Innovation Competences (r=0, 80, p<0, 01) , the Leadership and Creativity (r=0, 82, p<0, 01) and between the Innovation Competences and the Creativity (r=0, 87, p<0, 01) . The correlation between the Innovating climate and the Creativity with Pearson r=0,60 (p<0,01) is somewhat moderate. Similar to the outcomes of the earlier empirical innovation study (Kirner et al., 2007) , no statistically significant difference in IPP importance and satisfaction values of SMEs with less than 500 employees and of large enterprises can be extracted from the results. The results of the study reveal different innovation performance patterns and correlation of innovation indicators in companies as illustrated in Figure 1 and Figure 2 . The below-average numbers of innovation indicators are often observed in cases of low leadership value. 
Conclusion and outlook
The evaluation of the company self-assessments has shown that each company has a unique scope of urgent measures to enhance its innovation capability. Due to the results obtained, company's executives and engineers can see that they often overestimate their actual innovation performance and perhaps do not even know or monitor the relevant performance parameters or indicators. The application of the proposed method for the practice allows the targeted enhancement of innovative capability and helps to establish a well-structured and comprehensive approach in managing innovation. The objective of the presented research work is to develop a holistic assessment method for revealing opportunities for the fast and systematic enhancement of innovation and competitive capabilities of industrial companies, making this process more systematic, measurable, and controllable. Additionally, the list of innovation performance parameters and indicators can be extended in the future with new aspects, such as parameters relevant for process innovation and business model innovation or for issues regarding the innovation impact of suppliers and service innovation. Finally, a developed database of standard measures, best practices and tools for realisation of the identified opportunities for enhancement of innovation capability can be supplemented and evaluated through practical application in the context of the Advanced Innovation Design Approach. 
